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(54) Spectacle lens 

(57) Liquid crystal spectacles in which 
the focal length of the spectacles can be 
adjusted include means for detecting a 
physical quantity such as the 
temperature of the liquid crystals (11a, 
1 1 b), the orientation of molecules of the 
liquid crystals or a change in the 
refractive index of the liquid crystals. 
The amplitude or frequency of the 
voltage applied to the liquid crystals is 
controlled in accordance with an output 
signal from detecting means (16), thus 
compensating for a change in the 
refractive index of the liquid crystals 
which is attributable to a temperature 
or other change and maintaining the 
refractive index constant. 
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SPECIFICATION 

Spectacle lenses 

5 The invention relates to spectacle lenses. 

When the function of adjusting the focal length 
in the eyeballs is degraded, as with presbyopia, 
spectacle lenses of different focal lengths which 
may be used for near and far distances are com- 

10 monly used, and must be exchanged depending on 
the situation. There are some single spectacle len- 
ses which are provided with a region having a dif- 
ferent focal length (i.e. bi-focal or multi-focal 
lenses) so that suitable ranges at near and far dis- 

15 tances can be covered. However, it is only a por- 
tion of the field of sight that the object is in focus, 
causing viewing to be painful. 

When the crystalline humour is extracted be- 
cause of a disease, such as a cataract, several 

20 spectacle lenses having different focal lengths 
must be provided and must be chosen in use de- 
pending on the situation, thus causing an incon- 
venience. 

There is described in Japanese Patent Publica- 

25 tion No. 50,339/1983 a variable focal length lens 
comprising a voltage controlled liquid crystal. This 
construction operates with a low voltage and with 
a low power dissipation, and can be conveniently 
used as far as this aspect is concerned. However, 

30 were such a lens to be used as a spectacle lens, 
clear vision would not be obtained because the re- 
fractive index of the liquid crystal varies with tem- 
perature. It is understood that the environmental 
temperature greatly varies from season to season 

35 and also undergoes a large variation between the 
outdoor and indoor conditions which may be air 
conditioned during summer or winter. Thus, the 
described arrangement disadvantageously requires 
an adjustment in the applied voltage in response 

40 to any change in the surrounding temperature. As 
another drawback, a bulky power supply box for 
the liquid crystal must be contained as in a pocket 
of a suit which is located in the region of the 
breast. 

45 The present invention has been made in consid- 
eration of the described prior art, and has for an 
object the provision of a spectacle lens including 
compensation means which prevents the focal 
length from varying from a preset value in re- 

50 sponse to any change in the environmental tem- 
perature, by detecting a physical quantity which 
varies with a change in the temperature or with a 
change in the orientation of molecules of a liquid 
crystal. 

55 In accordance with the invention, a voltage is ap- 
plied to a liquid crystal so as to provide a variable 
focal length lens. Means for compensating for a 
change in the focal length which is attributable to 
temperature changes responds to an output signal 

60 from detector means which detects the tempera- 
ture, the orientation or other physical quantity to 
control the voltage applied. In this manner, the dif- 
ficulty that a change in the environmental tempera- 
ture shifts the focus to prevent a clear sight is 

65 overcome. 



One aspect of the present invention is a specta- 
cle lens comprising a liquid crystal having a vary- 
ing refractive index as a result of a change in the 
orientation of molecules of the liquid crystal in re- 
70 sponse to the application of an external voltage; 
means for detecting the temperature of the liquid 
crystal; and applied voltage control means for con- 
trolling the voltage applied to the liquid crystal in 
response to a detection output from the tempera- 
75 ture detecting means, thereby controlling the ori- 
entation of the liquid crystal to compensate for a 
change in the refractive index of the liquid crystal 
with a temperature change. 
Another aspect of the invention is a spectacle 
80 lens comprising a liquid crystal having a varying 
refractive index as a result of a change in the ori- 
entation of molecules of the liquid crystal in re- 
sponse to the application of an external voltage; 
means for detecting the temperature or the orien- 
85 tation of the liquid crystal and means for control- 
ling the frequency of the voltage applied to the 
liquid crystal in response to a detection output 
from the detecting means, whereby the orientation 
of the liquid crystal is controlled to compensate for 
90 a change in the refractive index of the liquid crystal 
with a temperature change. 

A further aspect of the invention consists in a 
spectacle lens comprising a liquid crystal having a 
varying refractive index as a result of a change in 
95 the orientation of molecules of the liquid crystal in 
response to the application of an external voltage; 
means for detecting a physical quantity which var- 
ies with a change in the orientation of molecules of 
the liquid crystal; and applied voltage control 
100 means for controlling the voltage applied to the 
liquid crystal in response to a detection output 
from the detecting means, thereby allowing a com- 
pensation of a change in the refractive index of the 
liquid crystal which occurs in response to a tem- 
105 perature change. 

A single pair of spectacles may cover a plurality 
of focal lengths, thus avoiding the need to carry 
about a plurality of pairs of spectacles or changing 
them as needed. 
110 It is another object of the invention to provide a 
spectacle lens with liquid crystal employing a solar 
cell which charges a power source for control 
means which compensates a liquid crystal against 
temperature changes. 
115 The invention includes a spectacle lens compris- 
ing a liquid crystal having a varying refractive in- 
dex as a result of a change in the orientation of 
molecules of the liquid crystal in response to the 
application of an external voltage, a solar cell for 
120 charging a power supply used with means for de- 
tecting the temperature of the liquid crystal or with 
applied voltage control means which controls the 
voltage applied to the liquid crystal. 
The invention is further described, by way of ex- 
125 ample, with reference to the accompanying draw- 
ings, in which:- 

Figure 1 is a perspective view of exemplary liq- 
uid crystal glasses to which the invention may be 
applied; 

130 Figure 2 is a plan view of the eyeglasses shown 
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in Figure 1 ; 

Figure 3 is a cross section, to a larger scale, of 
essential parts of a liquid crystal spectacle lens ac- 
cording to a first embodiment of the invention to- 
5 gether with a schematic diagram of temperature 
compensation means; 

Figure 4 graphically shows the relationship be- 
tween the focal length and the temperature; 
Figure 5 is a cross section, to a larger scale, of 
10 essential parts of a liquid crystal eyeglass accord- 
ing to a second embodiment of the invention, to- 
gether with a schematic diagram of temperature 
compensation means; 

Figures 6 to 10 are large scale cross sections of 
15 liquid crystal spectacles according to third to sev- 
enth embodiments of the invention, inclusive, to- 
gether with schematic diagrams of their associated 
temperature compensation means; 
Figure 11 is a cross section, to a larger scale, of 
20 essential parts of a modified lens arrangement of a 
liquid crystal spectacle lens; 

Figures 12 and 13 are cross sections, to a larger 
scale, of essential parts of liquid crystal spectacle 
lenses according to eighth and ninth embodiments 
25 of the invention together with a schematic diagram 
of their associated temperature compensation 
means; 

Figure 14 is a front view of part of a pair of spec- 
tacles, illustrating one form of a channel which is 
30 used to confine a liquid crystal; 

Figure 15 is a perspective view of a pair of spec- 
tacles with liquid crystal lenses including a solar 
cell which is mounted on the front surface of a 
lens frame; 

35 Figures 16 to 18 are cross sections, to a larger 
scale, of essential part of modified lens arrange- 
ments of liquid crystal spectacle lenses; 

Figure 19 is a cross section, to a larger scale, of 
essential part of a liquid crystal lens which in- 
40 eludes anti-misting means, together with a circuit 
diagram of the anti-misting means; 

Figure 20 is a perspective view of liquid crystal 
spectacles including anti-misting means; 
Figures 21 and 22 are cross sections, to a larger 
45 scale, of essential part of other forms of anti-mist- 
ing means which may be used with liquid crystal 
spectacles, together with a circuit diagram of the 
anti-misting means; 
Figure 23 is a cross section, to a larger scale, of 
50 essential part of a liquid crystal lens which has its 
birefringence compensated against temperature; 
and 

Figure 24 graphically shows a change in the re- 
fractive index with temperature changes. 

55 Referring to Figures 1 and 2, liquid crystal spec- 
tacles 1 to which the invention is applied, include 
an eyeglass assembly 2, and a control 3 which 
compensates for any change in the foca! length as 
a result of a change in the refractive index, caused 

60 by a temperature change of the liquid crystal 
within the eyeglass assembly 2. 

The eyeglass assembly 2 includes left and right 
lenses 4, 5 which are substantially disc-shaped. 
These lenses are fitted and fixed in apertures de- 

65 fined by left and right rims of a lens frame 6, 



which additionally includes a pair of left and right 
arms which are pivotally connected to the two 
generally circular rims defining the lens apertures 
and are adapted to engage the ears of the wearer. 

70 The control 3 is mounted on one of the rims, for 
example. Either the left or the right lens 4, 5 is 
constructed in a manner as shown in exaggerated 
form in Figure 3, for example. 
Figure 3 shows a first embodiment of the inven- 

75 tion. It should be noted that temperature compen- 
sation means which is used in the first 
embodiment as well as in a second embodiment 
shown in Figure 5 and a third embodiment shown 
in Figure 6 employ a temperature sensor and volt- 

80 age control means. Referring to Figure 3, a com- 
mon transparent plate 8 which may be formed of a 
glass plate or the like, is secured to the frame 6, 
and a pair of spacers 9a, 9b is applied to the oppo- 
site sides thereof. Two transparent plates 10a, 10b 

85 each having a convex surface, for example, are 
spaced from the plate 8 by spacers 9a, 9b defining 
spaces in which liquid crystals 11a, 11b which ex- 
hibit an identical response are confined, thus pro- 
viding a pair of variable focal length lens elements 

90 12a, 12b. 

When no voltages are applied to these lens ele- 
ments 12a, 12b, the molecules of the liquid crystals 
are aligned in an orientation parallel to the trans- 
parent plate 8, with directors (which coincide with 

95 the optical axes) representing the direction of the 
mean orientation of the liquid crystals being per- 
pendicular between the lens elements 12a and 12b. 
Thus, a rubbing treatment is applied so that the 
orientations of the molecules of the liquid crystals 

100 in the lens elements 12a and 12b are in a direction 
indicated by double-headed arrow A and in a di- 
rection B which is perpendicular to the direction A, 
as shown in Figure 3, with the respective directions 
A and B being perpendicular to the direction of in- 

105 cidence of light. 

The opposite surfaces of the common transpar- 
ent plate 8 are coated with transparent electrodes 
13a, 13b, while the internal surfaces of the individ- 
ual transparent plates 10a, 10b, located in oppos- 

110 ing relationship with the transparent plate 8 and 
which may be formed of glass panes, are also pro- 
vided with transparent electrodes 14a and 14b, re- 
spectively. The outer electrodes 14a and 14b are 
connected together by a lead wire and connected 

115 to an earth terminal. The inner electrodes 13a and 
13b are also connected together. The two variable 
focal length lens elements 12a and 12b constructed 
in the manner mentioned above provide a variable 
focal length lens which obviates the use of a polar- 

120 izer as will be described below. 

Incident light can be resolved into a pair of mu- 
tually orthogonal polarization components, namely, 
one component in the direction of orientation indi- 
cated by the arrow A and produced by the lens 

125 element 12a and the other in the direction of orien- 
tation indicated by the dot-in-circle B and produced 
by the other lens element 12b. When one compo- 
nent of the incident light which represents a polari- 
zation component parallel to the direction A of 

130 orientation of the lens element 12a impinges upon 
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the lens element 12a r such ray component acts as 
an extraordinary ray with respect to the lens ele- 
ment 12a. Accordingly, when a voltage is applied 
to the lens element 12a under this condition, the 
5 molecule of the liquid crystal will gradually change 
its orientation towards a direction which is perpen- 
dicular to the surface of the electrode, with the 
consequence that the apparent refractive index of 
the lens elements 12a with respect to the extraor- 

10 dinary ray component changes from a value corre- 
sponding to the extraordinary ray to a value which 
corresponds to an ordinary ray, thus producing an 
effect of providing a variable focal length. 
Such component which acts as an extraordinary 

15 ray with respect to the lens element 12a acts as an 
ordinary ray with respect to the lens element 12b, 
the apparent refractive index of which therefore 
does not change, producing no change in the focal 
length thereof. Accordingly, such ray proceeds di- 

20 rectly straightforward. On the other hand, when 
the other component of the incident light which 
acts as ordinary ray with respect to the lens ele- 
ment 12a impinges, there occurs no change in the 
apparent refractive index of the lens element 12a, 

25 the focal length of which therefore does not vary. 
However, such ray acts as extraordinary ray with 
respect to the lens element 12b, and hence its ap- 
parent refractive index changes, producing a 
change in the focaf length thereof. It will be appre- 

30 dated that because an equal voltage is applied to 
the two lens elements 12a and 12b, there is pro- 
duced a change in the focal length of an equal 
magnitude for the respective lens elements by the 
respective polarization components. Hence, by su- 

35 perposing the two variable focal length lens ele- 
ments 12a and 12b upon one another so that their 
optical axes are orthogonal to each other, the com- 
bination operates as a variable focal length lens for 
any polarized light of any direction, thus providing 

40 a change in the focal length independently from 
the direction of polarization of the incident light 
while avoiding the use of a polarizer. In other 
words, a lens which exhibits a high optical effi- 
ciency for natural light which does not represent a 

45 plane polarization can be obtained without using a 
polarizer. 

It will be noted that, in each lens element 12a 
and 12b, the liquid crystal 11a or 11b has a thick- 
ness in the middle portion thereof which is differ- 

50 ent from the thickness around the peripheral 

region. Accordingly, the electric field which is pro- 
duced by the application of a voltage is different 
between the middle region and the peripheral re- 
gion. However, it is established that the refractive 

55 index depends on the magnitude of the voltage ap- 
plied, but not on the electric field applied. Accord- 
ingly, a lens having a uniform change in the 
refractive index can generally be constructed by 
controlling the voltage applied. 

60 As shown, a temperature sensor 16, such as a 
thermistor, a thermocouple or a resistive tempera- 
ture sensor, is mounted around one of the lenses, 
as shown at 4, so as to enable the temperature of 
the lens element 12b to be detected. Where a ther- 

65 mistor is used as such sensor 16, it may be con- 



nected in series with a reference resistor across a 
constant voltage source of a temperature detecting 
and processing unit 17 which then derives a volt- 
age signal in the form of a resistance variation 
70 with temperature. (Obviously, a Wheatstone bridge 
circuit may be used.) Where a thermocouple is 
used as a sensor 16, an output temperature is ob- 
tained as a differential signal against a compen- 
sated cold contact (constant temperature contact) 
75 of the unit 17. In either instance, an output from 
the unit 17 is fed to a comparator 18 where it is 
compared with a voltage Vs corresponding to a 
given focal length. A differential output from the 
comparator 18 represents a deviation from a given 
80 temperature at which the focal length is preset. 
Accordingly, the differential output is fed to an 
applied voltage control circuit 19 including a re- 
sponse correction circuit 20 which provides a cor- 
rection against temperature, and a variable voltage 
85 output circuit 21, an output of which is applied to 
the two inner electrodes 13a and 13b. A DC/AC 
converter 22 converts a d.c. output from a d.c. 
source V into a corresponding alternating voltage, 
and the variable voltage output circuit 21 delivers a 
90 variable voltage level or amplitude of the alternat- 
ing voltage in accordance with a control voltage 
which is applied to a control teminal thereof. It will 
be appreciated that an oscillator may be used in 
place of the converter 22. At a given temperature, 
95 a given voltage is delivered to be applied to the re- 
spective electrodes 13a, 13b to control the refrac- 
tive indices of the liquid crystals 11a, lib so that 
the respective lenses 4, 5 have a given focal 
length. In addition, a signal detected by the tem- 

100 perature sensor 16 is utilized to derive an output 
voltage which is effective to compensate for a 
change in the refractive indices attributable to a 
temperature change of the liquid crystals 11a, 11b, 
through the control of the orientation of the mole- 

105 cules of the liquid crystals, thus preventing a 
change in the focal length from occurring. 

When PCB (pentyl cyano biphenyl) which is a ne- 
matic crystal is used for the liquid crystals 11a and 
11b, it is recognized that, in a temperature region 

110 around room temperatures, as the temperature 
rises, the refractive index decreases, in particular, 
with respect to the extraordinary ray which has a 
strong dependence upon the temperature, thus in- 
creasing the focal length. Such change in the focal 

115 length which is attributable to the temperature 
change can be prevented by reducing the magni- 
tude of the voltage applied to increase the refrac- 
tive index, thus compensating for a change in the 
focal length attributable to the temperature 

120 change. Since temperature change normally occurs 
in a range of several tens of degrees, the correc- 
tion circuit 20 is designed to permit an accurate 
compensation for changes in the focal length 
which result from a temperature change across 

125 such range of temperatures. 

In an arrangement in which the focal length 
changes as indicated by a broken line curve a in 
Figure 4 with temperature change, it is generally 
difficult, as indicated by a phantom line curve b in 

130 Figure 4, to provide a perfect compensation 



4 



GB 2 163 864 A 



4 



against temperature changes by feeding the output 
signal from the comparator 18 directly to the varia- 
ble voltage circuit 21 so as to control the output 
voltage therefrom. However, in the first embodi- 
5 ment, the response correction circuit 20 is de- 
signed to remove such deviation, thus eliminating 
any influence of temperature changes, as indicated 
by a solid line curve c of Figure 4. 
Accordingly, when the first embodiment as con- 
10 structed above is used in an environment which 
undergoes a varying temperature, any change in 
the refractive indices of the liquid crystals 11a and 
11b which define the respective lenses 4 and 5, re- 
spectively, can be automatically compensated for, 
15 by automatically controlling the voltage applied 
from the voltage control circuit 19 in response to a 
detection output from the temperature sensor 16. 

Figure 5 shows a second embodiment of the in- 
vention where each of left and right lenses 31 (only 
20 one being shown includes a pair of variable focal 
length lens elements 32a and 32b, each of which 
comprises planocavex lens elements 33a and 33b, 
respectively. Thus, in the variable focal length lens 
elements 12a and 12b shown in Figure 3, the trans- 
25 parent plates 10a and 10b are replaced by the 
planoconvex lens elements 33a and 33b, respec- 
tively, with liquid crystals 34a and 34b being con- 
tained in spaces which are defined by parallel 
plates. The combination of the liquid crystals 34a 
30 and 34b which exhibit variable refractive indices 
and the two planoconvex lens elements 33a and 
33b provides the variable focal length lens ele- 
ments 32a and 32b, respectively. In other respects, 
the arrangement is similar to the first embodiment 
35 and this arrangement operates in the same manner 
to achieve a similar effect as mentioned above. It 
will be appreciated that with this embodiment, if 
the liquid crystals 11a and 11b shown in the first 
embodiment exhibit a dependence upon the elec- 
40 trie field as well as a dependence upon the voltage, 
a uniform thickness of the respective liquid crystals 
34a and 34b throughout their entire region pre- 
vents any problem. 

Figure 6 shows a third embodiment of the inven- 
45 tion which allows a given number of selected focal 
lengths to be manually established, such as a near 
distance, a medial distance and a far distance, for 
example, rather than establishing a single focal 
length as in the first embodiment. It should be 
50 understood that the number of focal lengths which 
can be established is not limited to three. 

Specifically, a switch SW allows different volt- 
ages to be outputted from the variable voltage cir- 
cuit 21 at a given temperature. It should be 
55 understood that, to maintain a focal length which 
is selected, the response correction circuit 20 is 
controlled by a ganged operation of the switch so 
that the selected focal length can be maintained in 
the presence of a temperature change. It will be 
60 appreciated that the liquid crystal spectacles ac- 
cording to the third embodiment are preferred for 
use by a person who has had his crystalline humor 
removed because of a cataract for example, allow- 
ing the single pair of spectacles to be used without 
65 the need for the provision of plurality of pairs of 



spectacles. This embodiment is also suitable for 
use by a person who suffers from the loss of visi- 
bility controlling capability. 
Figure 7 shows a fourth embodiment of the in- 
70 vention, which employs a temperature sensor or 
orientation detector in combination with frequency 
control means to provide the temperature compen- 
sation means, as in a fifth embodiment shown in 
Figure 8 and sixth embodiment shown in Figure 9. 
75 The frequency control means responds to a de- 
tection output from the temperature sensor or the 
orientation detector by varying the frequency of a 
voltage applied to the liquid crystals, thus compen- 
sating for a change which occurs in the refractive 
80 indices of the liquid crystals due to a temperature 
change, by controlling the orientation in the liquid 
crystal. It will be noted by comparison with the 
first to the third embodiment that the variable volt- 
age circuit 21 is replaced by a variable frequency 
85 output circuit 121 of a frequency control circuit 
119. In other respects, the arrangement remains 
unchanged from the previous embodiments, and 
therefore will not be specifically described. 

In the fourth embodiment shown in Figure 7, the 
90 differential output from the comparator 18 is input- 
ted to the frequency control circuit 119. In this ar- 
rangement the DC/AC converter 22(Figure 3) which 
converts a d.c. voltage from the source V into an 
alternating voltage is eliminated. The frequency 
95 control circuit 119 includes the response correction 
circuit 20 mentioned above and the variable fre- 
quency output circuit 121, the output of which is 
applied to the electrodes 13a and 13b which are 
not earthed or the inner electrodes. 
100 The variable frequency output circuit 121 is 

adapted to develop a frequency which depends on 
the voltage level applied to a control input thereof, 
from the d.c. voltage supplied from the source V. 
For example, it may comprise a voltage controlled 
105 oscillator. Oscillation waves from the circuit 121 
are applied to the liquid crystals 11a and 11b, 
thereby controlling the orientation of the molecules 
therein or the refractive indices thereof so that the 
lenses 4 (and 5) exhibit a preset focal length. In ad- 
110 dition, a detection output from the temperature 
sensor 16 is utilized to provide oscillation waves 
which are effective to compensate for any change 
in the refractive indices, and hence a correspond- 
ing change in the focal length due to a tempera- 
115 ture change of the respective liquid crystals 1 1 a 
and 11b. By way of example, where a nematic liq- 
uid crystal is used for the liquid crystals 11a and 
11b, it is recognized that, in a temperature region 
around room temperatures, as the temperature 
120 rises, the refractive index decreases, in particular, 
with respect to the extraordinary ray which has a 
strong dependency upon the temperature, thus in- 
creasing the focal length. Such change in the focal 
length which is attributable to the temperature 
125 change can be compensated for or prevented by 
lowering or reducing the frequency of the voltage 
applied (or increasing the frequency, depending on 
the kind of the liquid crystal), thus increasing the 
refractive index. Since the temperature usually var- 
130 ies over a range of several tens of degrees, the re- 
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sponse correction circuit 20 is designed to provide 
an accurate compensation for a temperature 
change over such range. 
By way of example, where the focal length varies 
5 with temperature as indicated by the broken line 
curve a of Figure 4, an output signal from the com- 
parator 18 may be applied to the variable fre- 
quency output circuit 121 to provide a controlled 
frequency of the output voltage thereof. However, 
10 such control is generally incapable of achieving a 
perfect compensation against temperature change, 
as indicated by the resulting response shown by 
the phantom line curve b of this Figure. However, 
the provision of the response correction circuit 20 

15 in the fourth embodiment allows any adverse influ- 
ence of such temperature change to be compen- 
sated for or eliminated, as indicated by the solid 
line curve c of Figure 4. 
When the fourth arrangement is used in a vary- 

20 ing temperature environment, if the refractive in- 
dices of the liquid crystals 11a, 11b which form 
elements of the individual lenses 4, 5 vary, the 
temperature of the liquid is detected by the tem- 
perature sensor 16 and feeds a detection signal 

25 which in turn controls the output frequency from 
the frequency control circuit 119, thereby automati- 
cally changing and controlling the frequency of the 
voltage applied so as to remove any change in the 
focal length which results from the temperature 

30 change. 

Figure 8 shows a fifth embodiment of the inven- 
tion in which the focal length which is preset in the 
fourth embodiment can be manually changed so 
as to cover a near distance, a medial distance and 
35 a far distance. 

The focal length can be changed by operating a 
switch SW, thereby varying the frequency of the 
voltage which is outputted from the variable fre- 
quency output circuit 121 for a given temperature. 
40 The response correction circuit 20 is switched in a 
ganged manner so as to maintain the focal length 
which is once established in the event the temper- 
ature changes. This embodiment is also preferred 
for use by a person whose crystalline humor has 
45 been removed by reason of a cataract, and dispen- 
ses with the need to provide a plurality of pairs of 
spectacles, allowing a single pair to be used, it will 
be appreciated that the number of focal lengths 
which can be switched may be greater or less than 
50 three, as desired. 

Figure 9 shows a sixth embodiment of the inven- 
tion in which a temperature compensation unit 41 
for the liquid crystal spectacles does not include 
the temperature sensor 16 as used in the fourth 
55 embodiment for directly detecting the temperature 
of the liquid crystals, but includes means which 
detects a capacitance, a physical quantity which 
varies with a change in the orientation of the mole- 
cules of the liquid crystal. 
60 Specifically, it includes a pulse generator 42 
which periodically delivers pulses having a re- 
duced duration, which changes an analog switch 
43. The switch 43 is normally thrown to a contact 
which is connected to the frequency control circuit 
65 119 but, when it is switched by the pulse, the 



switch connects the non-earthed electrodes 13a, 
13b to a capacitance terminal Tc of a capacitance 
detecting multivibrator 44. The multivibrator 44 in- 
cludes a resistance terminal T Rr to which a resistor 
70 Rs having a suitable value is connected. In this 
manner, the oscillation frequency f of pulse waves 
which are outputted from the multivibrator 44 var- 
ies in accordance with the values of the resistor Rs 
and the capacitance C which are connected to the 
75 terminals T R and Tc, respectively. Because the re- 
sistor Rs has a constant value, the dielectric con- 
stant of the liquid crystals 11a, 11b, which varies 
depending on the orientation of the molecules 
thereof in accordance with the temperature to 
80 change the capacitance which they exhibit, causes 
the oscillation frequency f of the multivibrator 44 
to be changed. 

The output of the multivibrator 44 is applied to a 
frequency-to-voltage converter 45 which converts 
85 an input frequency into a corresponding voltage as 
an output. The output voltage from the converter 
45 is applied to a sample-and-hold circuit 46 which 
samples the voltage in response to the falling edge 
of the pulse supplied from the pulse generator 45 
90 and hold the resulting value. As in the fourth em- 
bodiment, the output of the sample-and-hold cir- 
cuit 46 is fed to one input of the comparator 18. In 
this manner, it is compared with a reference volt- 
age Vs supplied to the other input of the compara- 
95 tor 18, the output of which is applied to the 

frequency control circuit 119, thus controlling the 
frequency of the ax. voltage applied to the liquid 
crystals 1 1a, 1 lb so as to maintain the given focal 
length in the presence of temperature changes. 
100 In operation, a periodic pulse having a reduced 
duration causes the switch SW to be thrown for 
connection to the multivibrator 44, whereupon the 
multivibrator 44 outputs a pulse train with a period 
which depends on the value of capacitance exhib- 
105 ited by the liquid crystals 11a, 11b filled between 
the electrodes 13a, 14a and 13b, 14b. The pulse 
train is converted into a corresponding voltage by 
the converter 45, and the voltage is sampled by the 
sample-and-hold circuit 46, which delivers an out- 
110 put for comparison against the reference voltage 
Vs within the comparator 18. The output from the 
comparator 18 is effective to control the output fre- 
quency from the frequency control circuit 119, 
whereby an a.c. voltage having a controlled fre- 
115 quency can be applied to the electrodes 13a, 13b 
when the switch 23 is returned to the other posi- 
tion. In this manner, in the presence of tempera- 
ture changes of the liquid crystals 11a, 11b, the 
focal length of the individual lens portions can be 
120 maintained constant. 

It will be appreciated that the detection of the ca- 
pacitance occurs periodically with a reduced pulse 
interval, thereby substantially preventing any dis- 
turbance in the orientation of the molecules of the 
125 liquid crystals 11a, 11b when the detection takes 
place. It will be noted that the oscillation frequency 
can be converted into a corresponding voltage by 
employing a diode rectifier in combination with a 
time constant circuit comprising a capacitor and a 
130 resistor. 
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In the sixth embodiment, a change in the orien- 
tation of the molecules of the liquid crystals with 
temperature is detected by the multivibrator in the 
form of a change in the oscillation frequency. How- 
5 ever, instead of using such multivibrator, other 
means may be used such as an oscillator which in- 
cludes an LC resonance circuit which employs the 
capacitance of the liquid crystals as part thereof, 
thus allowing its oscillation frequency to be de- 
10 tected. Alternatively, the capacitance of the liquid 
crystals may be used in a resonant circuit which 
has a given resonance frequency so that the oper- 
ating point may be displaced from the resonance 
with temperature, thus allowing a change in the re- 
15 suiting output to be detected. As a further alterna- 
tive, a change in the orientation of the molecules 
of the liquid crystals with temperature may be de- 
tected in terms of an electric current- 
Figure 10 shows a seventh embodiment of the 
20 invention which utilizes means for detecting a 
physical quantity that varies with a change in the 
orientation of the molecules of the liquid crystal in 
combination with voltage control means to provide 
temperature compensation means, as in an eighth 
25 embodiment shown in Figure 12 and a ninth em- 
bodiment shown in Figure 13. 

In the variable focal length lens elements 12a, 
12b of the seventh embodiment, one of the inner 
electrodes, for example, 13b, does not extend 
30 across the entire surface of the transparent plate 8 
on one side thereof, but a transparent electrode 
13c which is insulated from the electrode 13b is 
provided for detecting the orientation of the mole- 
cules of the liquid crystals, as shown in Figure 10. 
35 In other respects, the arrangement is similar to that 
of the first embodiment. 

In the seventh embodiment, the electrode 13c is 
normally connected through a switch 116 in com- 
mon with the non-earthed electrodes 13a, 13b as 
40 indicated by broken lines. When the orientation of 
the molecules is to be detected, the switch 116 is 
thrown to the other position, whereupon the elec- 
trode 13a is connected through a resistor R to the 
output of an amplitude limiter 117. A DC/AC con- 
45 verter or oscillator 122 feeds the amplitude limiter 

117, which provides an a.c. voltage of a given am- 
plitude. It will be noted that the converter 122 is 
fed from a d.c. supply V, such as a battery. 

As the a.c. voltage is applied, the current flow 
50 across the liquid crystal 11b between the electrode 
13c and its opposing electrode 14b is detected as 
an a.c. voltage at the junction with the resistor R, 
and this a.c. voltage is rectified by a diode Dl and 
is smoothed by a capacitor C to be converted into 
55 a corresponding d.c. voltage which is then fed to 
one input of a comparator 118. A reference voltage 
Vs is applied to the other input of the comparator 

118, which then derives an output signal represent- 
ing a difference between two both inputs for appli- 

60 cation to the sample-and-hold circuit 146. The 
sample-and-hold circuit 146 is operated by a sam- 
pling pulse which is either synchronized with or 
slightly delayed with respect to the switching oper- 
ation of the switch 116. In this manner, a sample 

65 from the circuit 146 is fed to an applied voltage 



control circuit 120 including the response correc- 
tion circuit 20 and a variable voltage output circuit 
123. The response correction circuit 20 responds to 
a sample output from the circuit 146 by assuring 
70 that any change in the orientation of the molecules 
of the liquid crystals or in the refractive indices 
thereof which result from a temperature change 
chan be properly compensated for. An output from 
the correction circuit 20 is applied to a control ter- 
75 minal of the variable voltage output circuit 123, 
which then functions as an electronically variable 
resistance which controls the amplitude of the a.c. 
voltage supplied from the DC/AC converter 122. 
When a nematic liquid crystal, such as PCB is 
80 used for the liquid crystals 11a, 11b, it is recog- 
nized that, in a temperature range around room 
temperatures, their refractive indices will be re- 
duced with respect to extraordinary rays which 
have a strong dependency upon the temperature, 
85 as the temperature rises, thus increasing the focal 
length. Such change in the focal distance attribut- 
able to the temperature change can be prevented 
by increasing the refractive index by the applica- 
tion of a reduced voltage applied, thus preventing 
90 the focal length from changing in response to a 
temperature change. Since the temperature nor- 
mally varies over a range of several tens of de- 
grees, the response correction circuit 20 is 
designed to provide an accurate compensation 
95 against the temperature change over such range. 
Assuming that the focal distance varies with 
temperature change according to the broken line 
curve a shown in Figure 4, if a change in the focal 
length or refractive index with temperature change 
100 is detected as a change in the electrical resistance 
and the output from the comparator 118 is applied 
through the sample-and-hold circuit 146 directly to 
the variable voltage output circuit 123 to control 
the output voltage thereof, the resulting control 
105 will be as indicated by the phantom line curve b of 
Figure 4, preventing a perfect compensation 
against temperature change from being achieved. 
However, in the seventh embodiment, the re- 
sponse correction circuit 20 is interposed between 
110 the sample-and-hold circuit 146 and the voltage 
circuit 123 and functions to correct for such a de- 
viation, thus achieving a compensation for or the 
elimination of influences of such temperature 
changes, as indicated by the solid line curve c. The 
1 1 5 comparison against the reference voltage Vs in the 
comparator 118 is used in order to establish a de- 
sired focal length with an applied voltage which re- 
sults from a zero output from the comparator 118 
at a given temperature which may be a substan- 
120 tially medial value of the range across which the 
environmental temperature varies. Accordingly, the 
temperature compensation means operates on the 
basis of such temperature so as to provide an ef- 
fective temperature compensation on either side of 
1 25 this temperature. (Such technique is particularly ef- 
fective when the response correction circuit 20 is 
not provided.) 

When the seventh embodiment is used in a vary- 
ing temperature environment, if the refractive in- 
130 dices of the liquid crystals 11a, 11b which form 
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elements of the lenses 4, 5 change, such change in 
the refractive indices attributable to the tempera- 
ture change is detected as a change in the current, 
and is utilized in the voltage control circuit 120 to 
5 provide an applied voltage automatically which has 
a magnitude appropriate to eliminate the resulting 
change in the focal length. 

In the seventh embodiment, a change in the ori- 
entation of the molecules of the liquid crystals, or 

10 more accurately, a change in the refractive index, 
attributable to temperature changes of the liquid 
crystals 1 1a, 1 1b, is detected in the form of a 
change in the current or a change in the voltage 
developed across the resistor R for use in the con- 

15 trol of the voltage applied in a manner to prevent a 
change in the focal length from occurring. It is to 
be noted that such detection occurs periodically at 
short intervals, and normally the controlled voltage 
is applied to the electrodes. Accordingly, the mag- 

20 nitude of the current or voltage detected by the 
electrode 13c reflects the orientation of the mole- 
cules of the liquid crystals or the refractive indices 
thereof which they assume under the condition 
that the output from the circuit 123 is applied 

25 thereto. 

Figure 11 shows a modification of a lens of the 
liquid crystal spectacles which may be substituted 
for the lens 4 of the seventh embodiment. As de- 
scribed above in connection with the second em- 

30 bodiment shown in Figure 5, each of left and right 
lenses 131 (only one being shown in Figure 11 in- 
cludes a pair of variable focal length lens elements 
32a, 32b which employ planoconvex lens elements 
33a, 33b. Thus, the transparent plates 10a, 10b of 

35 the variable focal length lens elements 12a, 12b 
shown in Figure 10 are replaced by the planocon- 
vex lens elements 33a, 33b, and liquid crystals 34a, 
34b are confined between parallel plates. The liq- 
uid crystals 34a, 34b which exhibit variable refrac- 

40 tive indices are combined with the planoconvex 
lens elements 33a, 33b to provide the variable fo- 
cal length lens elements 32a, 32b. This arrange- 
ment overcomes any difficulty which may result 
when the liquid crystals 1 1a, 11b in the form of 

45 convex lenses exhibit electric field dependency in 
addition to voltage dependency, because the liquid 
crystals 34a, 34b have a uniform thickness 
throughout. 

Figure 12 shows an eighth embodiment in which 

50 the liquid crystal spectacles 141 utilize the elec- 
trodes 13b, 14b which are used to control the re- 
fractive indices, for the purpose of detecting the 
orientation of the molecules, rather than providing 
a separate electrode 13c as in the seventh embodi- 

55 ment. Specifically, the liquid crystal spectacles 41 
include a control 142 including a pulse generator 
1 43 which periodically outputs pulses of a reduced 
duration. Such pulse is operative to change the 
switch SW 0 to connect the non-earthed electrodes 

60 13a, 13b to a capacitance terminal Tc of an astable 
multivibrator 144 which is used to detect the ca- 
pacitance. The multivibrator 144 also includes a re* 
sistance terminal T R to which a resistor Rs of a 
suitable value is connected. In this manner, the os- 

65 cillation frequency f of pulses which are outputted 



from the multivibrator 144 varies in accordance 
with the values of the resistor Rs and the capaci- 
tance C connected to the terminals T R and Tc, re- 
spectively. Since the resistor Rs has a constant 
70 resistance value, the output frequency f changes in 
accordance with the capacitance or the dielectric 
constant of the liquid crystals 11a, 11b. 

The output from the multivibrator 144 is supplied 
to a frequency-to-voltage converter 145 which con- 
75 verts an input frequency into a corresponding volt- 
age. The output voltage of the converter 145 is 
compared with a reference voltage Vs by the com- 
parator 118, in the same manner as mentioned 
above in connection with the seventh embodiment. 
80 In other respects, the arrangement is similar to that 
of the seventh embodiment and therefore will not 
be described. 

In operation, a periodic pulse having a reduced 
duration changes the switch SW 0 , which may be an 
85 analog switch, so as to be connected to the multi- 
vibrator 144, whereupon the multivibrator 144 out- 
puts a pulse train with a period which depends on 
the capacitance of the liquid crystals 11a, 11b 
which are filled between the electrodes 13a, 14a 
90 and 13b, 14b. The pulse train is converted into a 
corresponding voltage by the converter 145, which 
is then compared with the reference voltage Vs. 
The differential output therebetween is fed to a 
sample-and-hold circuit 146 which feeds the volt- 
95 age control circuit 120. An a.c. voltage from the cir- 
cuit 120 which depends on the capacitance is 
applied to the two liquid crystals 11a, lib through 
the switch SW 0 which is then connected to the cir- 
cuit 120. Because the applied voltage is preselected 
100 so as to maintain the refractive index of the liquid 
crystals 11a, 11b constant, the applied voltage is 
controlled in a manner to maintain the refractive 
index constant if a change in the temperature is 
detected, since such temperature change is de- 
105 tected as a change in the capacitance. Accordingly, 
the liquid crystal spectacles 141 according to the 
eighth embodiment maintain a preset focal dis- 
tance in the presence of temperature changes. 
Figure 13 shows temperature compensation 
110 means according to a ninth embodiment of the in- 
vention which permits a plurality of different focal 
lengths to be preselected (at suitable temperatures) 
in the general arrangement of either the seventh or 
the eighth embodiment described above. 
115 Specifically, a switch SW is associated with the 
voltage control circuit 120 for selecting a particular 
focal length. A manual operation of the switch SW 
enables a particular focal length to be selected, 
combined with the temperature compensation with 
120 respect to the selected focal length. To this end, 
the operating point of the variable voltage output 
circuit 123 is changed as the switch SW is 
changed, and the response correction circuit 20 is 
also ganged with the switch to maintain the se- 
125 lected focal length. In other respects, the arrange- 
ment is similar to that of Figure 12 (or Figure 10). 

Figure 14 shows a frame 6 which is provided 
with a channel 48 for confining a liquid crystal. It is 
to be understood that the channel 48 is arranged 
130 to communicate with each space which is adapted 
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to receive the liquid crystal. Accordingly, the liquid 
crystal may be introduced into the channel 48 
through an end thereof which opens into the side 
of the frame 6, and then the end may be closed, 
5 thus allowing the liquid crystal to be confined in a 
simple manner. The temperature sensor 16 which 
is used to permit a control over the frequency of 
the applied voltage in response to the temperature 
detected may be disposed adjacent to the channel 
10 48. It is to be understood that a substantially circu- 
lar path shown in broken lines in Figure 14 indi- 
cates the boundary of the space in which the liquid 
crystal is confined. 
Figure 15 shows another arrangement of the in- 
15 vention in which a solar cell 49, such as one 
formed of an amorphous material, is attached to 
liquid crystal spectacles, for example, on the front 
surface of a lens frame (which is shown as stip- 
pled). The solar cell 49 develops a d.c. electromo- 
20 tive force E which charges a d.c. source V for the 
entire control 3. The charging operation takes place 
through a reverse current flow preventing diode 
when the electromotive force E is greater than the 
voltage across the source V. Where incident light 
25 has a low intensity and the electro-motive force is 
less than the source voltage, a DC/AC converter 
which is operable at a low voltage may be used to 
provide a booster action, in combination with a 
rectifier. In addition, these elements may be man- 
30 ually turned on and off. As a further alternative, 
the magnitude of the electromotive force E may be 
detected, and the circuit may be automatically 
switched in response to the detection to charge the 
source V by the electromotive force E when the lat- 
35 ter exceeds the former. Additionally, the electro- 
motive force may be directly used as a power 
source. It is to be understood that the construction 
of the left and right lenses of this arrangement is 
not limited to the constructions mentioned above, 
40 but a construction as illustrated in Figure 16 may 
be used. 

Referring to Figure 16, there is shown a lens 51 
which may be either a left or a right lens. It will be 
seen that the transparent plates 10a, 10b shown in 

45 Figures 3 and 7 are replaced by concave transpar- 
ent plates 52a, 52b, respectively, and liquid crystals 
53a, 53b are confined in spaces defined between 
transparent plates 8, 52a and 8, 52b, respectively, 
in the form of concave lenses, thus providing vari- 

50 able focal length lens elements 54a, 54b which 
function as concave lenses. In Figure 16, the liquid 
crystals 53a, 53b may be confined in plate-like 
spaces while transparent plates 52a, 52b may be 
planoconcave lens elements. 

55 Figure 17 shows an alternative construction in 
which transparent plates 8, 55a, 55b in the form of 
parallel plates define plate-shaped spaces in which 
liquid crystals 56a, 56b are confined. This construc- 
tion may be used to provide a focus adjustment for 

60 the crystalline humor or the lens defined thereby. 
The lens defined by the construction of Figure 17 
may incorporate a Fresnel structure as shown in 
Figure 18. Specifically, the two outer transparent 
plates 55a, 55b of Figure 17 are replaced by trans- 

65 parent plates 61a, 61b which have triangular un- 



evenness on their inner surface (which is located 
adjacent to the liquid crystal), with transparent 
electrodes 62a, 62b defined on the inner surfaces, 
thus providing a Fresnel structure. Liquid crystals 

70 56a, 56b are confined between the inner surfaces 
which exhibit such unevenness and the opposite 
flat plate electrodes 13a, 13b, respectively. Such 
Fresnel structure enables a rapid response of the 
orientation of the molecules of the liquid crystals, 

75 in particular, those disposed adjacent to the un- 
evenness, in response to an application of a volt- 
age while the remainder of the liquid crystals 
follow the orientation of the first mentioned mole- 
cules, thus achieving a rapid re-orientation as a 

80 whole. In this manner, liquid crystal spectacles 
having a good response are achieved. 

While Figure 18 illustrates the application of a 
Fresnel structure to the construction of Figure 17, 
the Fresnel structure may similarly applied to other 

85 constructions. In addition, the two opposing elec- 
trode surfaces may be constructed as Fresnel 
structure. 

Alternatively, the inside of the planoconvex len- 
ses 33a, 33b shown in Figure 5, for example, may 
90 be shaped to present a concave surface so that 
they function as concave lenses towards the liquid 
crystals 34a, 34b. In this manner, a combined con- 
cave/convex lens function may be provided. 
As a further alternative, the described construc- 
95 tions may be combined in overlapping relationship 
to achieve a variable focal length lens which has 
the combined functions acting as a convex lens 
and a concave lens. 
Additionally, the control 3 may be constructed as 
100 part of the frame 6. A variable focal length lens 
may also be constructed using a polarizer. In addi- 
- tion, in the plate-shaped lens as illustrated in Fig- 
ure 17 or Figure 18, an array of concentric 
electrodes may be provided so that slightly differ- 
105 ent voltages may be applied to these electrodes lo- 
cated towards the centre and located towards the 
periphery, respectively, thereby allowing the lens 
to function as either a convex or a concave lens or 
providing a variable focal length lens having the 
110 two functions. 

it should be understood that the construction of 
the control 3 is not limited to the constructions il- 
lustrated in the above embodiments, By way of ex- 
ample, an output from the temperature detecting 
115 and processing unit 17 may be applied directly to 
the voltage control circuit 19 or to the frequency 
control circuit 119, thus simplifying the arrange- 
ment, without departing from the scope of the in- 
vention. 

120 Incidentally, means for detecting transmissivity 
may be provided as means for detecting a physical 
quantity which varies with a change in the orienta- 
tion of the molecules of a liquid crystal with a tem- 
perature change. Thus, an output from such 

125 detecting means may be used to control the fre- 
quency of the applying voltage. For example, in 
the arrangement of Figure 16, a light-emitting ele- 
ment and a light-receiving element may be dis- 
posed in opposing relationship with each other 

130 with the liquid crystal 53b sandwiched therebe- 
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tween at a location towards the periphery of the 
lens element 54b. In this manner, light from the 
light-emitting element may be passed through the 
liquid crystal 53b to impinge upon the opposing 
5 light-receiving element, a photoelectric output of 
which may be used to control the frequency of the 
applied voltage. Alternatively, the detection of re- 
flectivity may be utilized. 
It should be understood that transparent plates 
10 and convex iens elements which are used in con- 
structing the described lenses are not limited to 
those formed of glass, but may be formed of mate- 
rials, such as a plastics material, having a relatively 
high hardness, a plastics material having elasticity 
15 or a combination thereof. Alternatively, they may 
be formed of a material which is capable of ac- 
commodating for thermal expansion or shrinkage 
of the liquid crystal. 
The liquid crystal spectacles according to the in- 
20 vention may be worn by a person who suffers 
from a reduction in the visibility adjusting capabil- 
ity in order to prevent a temperature change from 
producing an out-of focus condition. 
In addition to a change in the focussing function, 
25 a change in the environmental temperature also 
causes misting of a lens. Specifically, a rapid 
change in the environmental temperature causes 
the deposition of water droplets on the surface of 
the liquid crystal lens as on a conventional lens, 
30 thus obscuring visibility. In such instance, the lens 
surface must be wiped with a cloth, which is a ma- 
jor inconvenience in the use of spectacles which 
incorporate liquid crystal lenses. 
Figures 19 and 20 show one form of anti-misting 
35 means for liquid crystal spectacles which is devel- 
oped in accordance with the invention. Specifically, 
liquid crystal lens 201 has a front and a rear sur- 
face 201a, 201b, and the anti-misting means com- 
prises transparent heaters 202a, 202b which are 
40 folded over the front and the rear surface in the 
form of a "blind" and which are energized with an 
a.c. voltage, for example, from a power supply 203 
so as to be heated under a given thermal condi- 
tion. Means for controlling the heaters 202a, 202b 
45 comprises means for detecting a temperature 
change which includes a thermocouple 205 dis- 
posed in a spectacle pad 216 (see Figure 20) and a 
variable resistor 204 which develops a reference 
voltage against which an output voltage from the 
50 thermocouple 205 is compared. A switch 206 

which is connected in circuit with the heaters 202a, 
202b is controlled by a comparison output of these 
voltages. 

The control means and power supply 203 are 
55 disposed in the manner shown in Figure 20 in im- 
plementation. Specifically, referring to Figure 20, 
the spectacles include a pair of liquid crystal lenses 
201, and additionally comprise a pair of rims 211 
which provide the lower support, a pair of brows 
60 212, a bridge 213, a pair of arms 214, a pair of 
hinges 215 by which the arms 214 are pivotally 
mounted on the brows 212, a pair of pads 216 and 
a pair of hooks 217. The thermocouple 205 is dis- 
posed in at least one of the pads 216 so that its 
65 sensitive area is located in contact with the nose. 



The power supply 203 is embedded in one of the 
hooks 217 while the other hook 217 has part of the 
control means embedded therein. 
Referring to Figure 19, the liquid crystal lens 201 
70 essentially comprises a pair of forward and rear- 
ward liquid crystal layers 220a, 220b, each of 
which is partitioned by a central transparent plate 
221 and is also defined by transparent plates 222a, 
222b which may have a concave configuration, for 
75 example, and located in contact with the outer sur- 
faces of the liquid crystal layers. It will be appreci- 
ated that the combination of the central 
transparent plate 221 and the forward and rear- 
ward transparent plates 222a, 222b acts to define 
80 spaces in which the liquid crystal layers 220a, 220b 
are received, by acting in concert with a pair of 
spacers 219a, 219b which are located around the 
margins of the liquid crystal layers. In the absence 
of a voltage applied to the liquid crystal layers 
85 220a, 220b, the molecules of the liquid crystals are 
aligned in a direction parallel to the transparent 
plates 221, 222a, 222b, with directors which repre- 
sent the mean orientations of the liquid crystals 
and which coincide with the respective optical axes 
90 of the liquid crystal layers 220a and 220b being or- 
thogonal to each other. In other words, a rubbing 
treatment or the like is made so that the orienta- 
tions of the molecules of the liquid crystals in the 
respective layers 220a, 220b, or the respective di- 
95 rection of the optical axes, are in a direction indi- 
cated by a double-ended arrow A and a direction 
indicated by a direction indicator B which is per- 
pendicular to the direction A, as shown in Figure 
19. The two orientations A and B are orthogonal to 
100 the direction of incident light. 

A pair of transparent electrodes 223a, 223b is 
provided on the opposite surfaces of the central 
transparent plate 221, as by coating Sn0 2 Also 
transparent electrodes 224a, 224b are applied to 
105 the internal surfaces of the transparent plates 222a, 
222b which are located opposite to the transparent 
plate 221. The outer electrodes 224a, 224b are con- 
nected together and connected to a point of refer- 
ence potential as by a lead wire. The inner 
1 10 electrodes 223a, 223b are also connected together. 
An a.c. voltage from the power supply 203 is ap- 
plied to the inner electrodes 223a f 223b of the liq- 
uid crystal lens 201 thus constructed. The power 
supply 203 comprises a voltage source 225 such as 
115 a solar cell, for example, which feeds a DC/AC con- 
verter 226, the output of which delivers an a.c. 
voltage. The a.c. voltage is applied to one end of a 
variable resistor 227 which has its other end con- 
nected to a point of reference potential. A tap on 
120 the resistor 227 is connected to the inner elec- 
trodes 223a, 223b. 

The variable resistor 204 which is used to estab- 
lish a reference voltage has its one end connected 
to receive the voltage from the source 225 and its 
125 other end connected to a a source of reference po- 
tential, A tap on the resistor 204 is connected to a 
first input of an operational amplifier 228. The ther- 
mocouple 205 includes one conductor electrode 
which is connected to a point of reference potential 
130 and other conductor electrode which is connected 
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to a second input of the amplifier 228. The output 
of the amplifier 228 is connected to an energization 
switch 206 in order to control the turn-on and -off 
thereof. One terminal of the switch 206 is con- 
5 nected to the converter 226 to receive the a.c. volt- 
age output therefrom, and supplies the a.c. voltage 
to the transparent heaters 202a, 202b when the 
switch is on. The transparent electrodes 202a, 202b 
are connected in a parallel circuit arrangement 
10 having one common electrode which extends 
through the thickness of the liquid crystal lens 201, 
as indicated by broken lines, and having other 
common electrode connected to a point of refer- 
ence potential. As shown, the switch 206 internally 
15 houses a timer 206A which begins to count the 
time since the initiation of the energization. After a 
given time interval, the timer produces an output 
which resets the switch to terminate the energiza- 
tion. ... 
20 The operation of the anti-misting means will now 
be described. It should be understood that the ad- 
justing of the focal length of the liquid crystal lens 
201 takes place by adjusting the variable resistor 
227. 

25 (1) Normal use when free from any temperature 
change. 

The liquid crystal lens 201 is not subject to any 
misting phenomenon when used either outdoors 
or indoors over a prolonged period of time as the 
30 temperature change is minimal. Accordingly, there 
is no need to energize the transparent heaters 
202a, 202b in order to prevent the misting phe- 
nomenon. In this instance, because there is a great 
difference between the temperature T, adjacent to 
35 the nose and either outdoor or indoor temperature 
T 2 , the thermocouple 205 provides a detection out- 
put voltage which drifts around a voltage V n higher 
than the reference voltage Vr derived from the tap 
of the variable resistor 204. Accordingly, the ampli- 
40 fier 228 produces an output voltage of a low level 
which maintains the switch 206 off. 

(2) When shifting from a low temperature to a 
high temperature environment. 
In this instance, the temperature T 2 around the 
45 lens either approaches or exceeds the nose tem- 
perature T lr so that the output voltage from the 
thermocouple 205 changes from its norma! value 
V, to a lower voltage V 2 . Since the reference volt- 
age Vr is established between the voltage V, and 
50 V 2r the amplifier 228 which compares V 2 with Vr 
provides an output of a high level, which causes 
the switch 206 to be changed to its on condition. 
Accordingly, the a.c. voltage from the converter 
226 is applied to the transparent heaters 202a, 
55 202b, which then operate to increase the tempera- 
ture of the surfaces 201a, 201b of the liquid crystal 
lens 201 , or actually the front and rear transparent 
plates 222a, 222b. Accordingly, if the prevailing hu- 
midity is high enough to form dew (misting) on the 
60 transparent plates 222a, 222b, the heating of these 
plates prevents the misting. The interval of energi- 
zation can be established by the timer 206A. 

In this manner, it is possible to warm the liquid 
crystal lens 201 before the misting phenomenon 
65 begins to occur. Means which detect a change in 



the environmental temperature is not limited to the 
thermocouple, but may comprise any other tem- 
perature sensor, such as thermistor, a temperature 
detecting resistor or the like. In such instance, a 
70 voltage from the source 225 must be applied to the 
thermistor. 

Figure 21 shows an alternative form of anti-mist- 
ing means, and in this Figure, corresponding parts 
to those shown in Figure 19 are designated by like 
75 reference numerals, and the liquid crystal lens 201 
and the power supply 203 are partly omitted from 
illustration. A feature of this arrangement resides 
in the fact that the energization switch 206 is con- 
trolled by a derivative output representing a 
80 change in the environmental temperature. Specifi- 
cally, a temperature sensor comprises a thermo- 
couple 229, for example, which has its one 
sensitive point mounted between the brow 212 and 
the transparent plate 222b as exposed. The respec- 
85 tive conductors of the thermocouple 229 are con- 
nected to a differentiator circuit 230 including 
circuit means which maintains the other sensitive 
point at a given absolute temperature. The output 
of the differentiator circuit 230 is connected 
90 through a diode 231 to latch 232 of edge triggered 
type and having a duration which corresponds to 
the period of the timer 206A mentioned above. The 
output from the latch 232 is applied to the energi- 
zation switch 206 to control its on and off condi- 
95 tion. By allowing the latch 232 to maintain a 
derivative output, representing a voltage change 
attributable to a temperature change, for a given 
time interval, the occurrence of misting on the 
transparent plates 222a, 222b can be prevented 
100 when changing from a low temperature to a high 
temperature environment. The purpose of the 
diode 231 is to prevent the switch from being trig- 
gered into conduction in response to a derivative 
output which may be developed when changing 
105 from a high temperature to a low temperature en- 
vironment. 

Figure 22 shows a further form of anti-misting 
means, and corresponding parts to those shown in 
Figure 19 are designated by like reference numer- 
110 als and characters in Figure 22, with the liquid 
crystal lens 201 and the power supply 203 being 
partly omitted from illustration. 

Specifically, this anti-misting means comprises a 
dew sensor 233 disposed on the surface of the hq- 
115 uid crystal lens 201 or on the surface of the rear 
transparent plate 222b. One end of the dew sensor 
233 is connected to the source 225 to receive a 
voltage therefrom while its other end is connected 
to a first input of a level comparator 234 and is 
120 also connected through a resistor R1 to a point of 
reference potential. The comparator 234 has a sec- 
ond input which is connected to the junction be- 
tween a series combination of resistors R2 and R3 
across which the source 225 is connected. The out- 
125 put from the comparator 234 is connected to con- 
trol the on and off condition of the energization 
switch 206. 

With this arrangement, when dew forms on the 
surface 201b of the liquid crystal lens 201, there 
130 occurs a change in the resistance of the dew sen- 
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sor 233, whereby the voltage applied to the first in- 
put of the level comparator 234 changes. The volt- 
age developed at the junction between the 
resistors R2 and R3 represents a reference level 
5 corresponding to the voltage developed at the 
junction between the sensor 233 and the resistor 
R1 when no dew forms. At this time, the compara- 
tor 234 provides an output of a low level, for ex- 
ample. Accordingly, when the dew forms and the 
10 voltage at the junction between the sensor 233 and 
the resistor R1 changes (increases), the output 
from the comparator 234 transitions to a high 
level, which causes the switch 206 to be turned on, 
thus energizing the transparent heaters 202a, 202b. 
15 As mentioned previously, the orientation of the 
molecules of the liquid crystal can be controlled by 
controlling the voltage applied thereto. In this 
manner, a change in the refractive index which re- 
sults from a change in the orientation can also be 
20 controlled, thus allowing a variable focal length 
lens to be provided. However, the refractive index 
of the liquid crystal with respect to extraordinary 
light has a strong temperature dependency, and 
this causes a large change in the difference of dual 
25 refractive indices for birefringence with tempera- 
ture, presenting a major difficulty when applying 
the liquid crystal to an optical instrument which re- 
quires a level of resolution. Figure 23 shows a liq- 
uid crystal lens according to the invention which 
30 has the birefringence compensated for tempera- 
ture, maintaining a difference in the refractive in- 
dices for birefringence low and capable of 
preventing a loss of resolution. 
Specifically, a liquid crystal lens assembly 301 
35 comprises a first liquid crystal lens 302 which ex- 
hibits a dependency of birefringence upon temper- 
ature, in combination with another liquid crystal 
lens 303 which provides correction. The first lens 
302 includes a transparent plate 304a, and a pair of 
40 transparent plates 307a, 308a which each have a 
convex surface and which are separated from the 
respective surfaces of the transparent plate 304a in 
opposing relationship therefrom, by a pair of annu- 
lar spacers 305a, 306a which are disposed around 
45 the periphery of the plate 304a on the opposite 
surfaces thereof, thus defining a pair of cells. Liq- 
uid crystals 309a, 310a, having an identical re- 
sponse, are confined in the respective cells, and 
the lens 302 is secured to a frame 311a. 
50 A pair of transparent electrodes 312a, 313a is 
formed on the opposite surfaces of the plate 304a 
by utilizing a material such as Sn0 2 , and also a 
pair of transparent electrodes 314a, 315a are 
formed on the internal surfaces of the plates 307a, 
55 308a which are disposed opposite to the electrodes 
312a, 313a. 

The outer electrodes 314a, 315a are connected 
together and connected to an earth terminal 
through a lead wire while the inner electrodes 

60 312a, 313a are also connected together and con- 
nected through a lead wire to a movable tap on a 
variable resistor 316 which is used to change the 
focal length. The resistor 316 has its one end con- 
nected to earth and its other end connected to a 

65 DC/AC converter 318 through an interposed volt- 



age control circuit 317. 

A nematic liquid crystal, for example, may be 
used for the liquid crystals 309a, 310a of the lens 
302, and a indicated by characters A and B in Fig- 
70 ure 23, the orientation of the molecules of the liq- 
uid crystals 309a, 310a are orthogonal to each 
other, it being understood that a rubbing treatment 
is applied to the lens so that the orientations A and 
B are parallel to the surfaces of the electrodes 
75 312a, 313a. Accordingly, the orientations A and B 
are orthogonal to the optical axis of the lens. 

When no voltage is applied to the liquid crystal 
lens 302, the molecules of the liquid crystals are 
oriented in orthogonal directions in a plane which 
80 is perpendicular to the optical axis of the lens, thus 
providing a variable focal length lens which does 
not require a polarizer. 

Specifically, incident light can be resolved into a 
pair of polarization components which are orthog- 
85 onal to each other, for example, one component 
having the orientation indicated by the arrow A for 
the molecules of the liquid crystal 309a and other 
component having the orientation B for the mole- 
cules of the liquid crystal 310a of Figure 23. When 
90 a polarization component which is parallel to the 
orientation A passes through the transparent plate 
307a to impinge on the liquid crystal 309a, this 
component represents an extraordinary ray to the 
liquid crystal 309a. Accordingly, when a voltage is 
95 applied to the liquid crystal 309a, the molecules of 
the liquid crystal gradually change their orientation 
towards a direction which is perpendicular to the 
surface of the electrode 312a depending on the 
magnitude of the voltage. Accordingly, the appar- 
100 ent refractive index of the liquid crystal 309a with 
respect to such extraordinary ray component will 
change continuously from a value associated with 
the extraordinary ray to another value associated 
with an ordinary ray, thus producing a variable fo- 
105 cal length effect. The component which represents 
an extraordinary ray with respect to the liquid crys- 
tal 309a represents an ordinary ray with respect to 
the liquid crystal 310a, so that the apparent refrac- 
tive index of the liquid crystal 310a remains sub- 
110 stantially unchanged upon application of a voltage 
thereto, producing no change in the focal length 
thereof. Thus such ray passes directly straightfor- 
ward. 

On the other hand, when the other component of 
115 the incident ray which represents an ordinary ray 
with respect to the liquid crystal 309a impinges 
upon the liquid crystal 309a, the apparent refrac- 
tive index thereof remains substantially un- 
changed, producing no change in the focal length. 
120 However, such component represents an extraordi- 
nary ray with respect to the liquid crystal 310a, the 
apparent refractive index of which therefore 
changes in the same manner as occurs in the first 
instance with respect to the liquid crystal 309a, 
125 producing variable focal length effect. Since an 
equal voltage is applied to the two liquid crystals 
309a and 310a, the change which occurs in the fo- 
cal length is equal in each of these liquid crystals. 
Accordingly, by disposing the liquid crystals 309a, 
130 310a, each of which functions as a variable focal 
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length lens, in overlapping relationship with each 
other with their optical axes orthogonal to each 
other, the assembly operates as a variable focal 
length lens for polarized light of any direction, thus 
5 providing a lens, the focal length of which can be 
changed independently from the direction of polar- 
ization of an incident light, without using a polar- 
izer. Stated differently, there is obtained a bright 
lens which exhibits a high optical efficiency for 
10 natural light which does not represent a plane po- 
larization while avoiding the use of a polarizer. 

However, it must be noted that the refractive in- 
dex n 0 with respect to ordinary ray and the refrac- 
tive index n e with respect to extraordinary ray of 
15 the respective liquid crystals 309a, 310a of the liq- 
uid crystal lens are different functions of tempera- 
ture, as graphically illustrated in Figure 24. It will 
be noted that the refractive index n 0 exhibits little 
change with the temperature t while the refractive 
20 index n e with respect to extraordinary ray has a 
strong dependency upon the temperature. 

Accordingly, a difference An between the refrac- 
tive index n 0 (t 0 ) with respect to the extraordinary 
ray and the refractive index n e (t 0 ) with respect to 
25 the ordinary ray, which is equal to n e (t 0 ) - n 0 (t 0 ), 
is relatively small at temperature t Q , but the differ- 
ence An increases significantly at temperature t v 
As a result of the difference An in the refractive in- 
dices, there is produced a large deviation between 
30 optical paths which the extraordinary ray and the 
ordinary ray follow when passing through the liq- 
uid crystal 309a. This deviation will be greatly im- 
proved or offset when the light passes through the 
next liquid crystal 310a since then the ordinary and 
35 the extraordinary ray will be interchanged. How- 
ever, for a ray having a large angle of incidence, 
there will be a great difference between a path 
through the liquid crystal 309a and another path 
through the liquid crystal 310a, making it impossi- 
40 ble to remove sufficiently the difference An in the 
refractive indices. 

To accommodate for this, the liquid crystal lens 
303 is used to provide a correction. It will be noted 
that the correction lens 303 is constructed in the 
45 similar manner to the liquid crystal lens 302, and 
accordingly, corresponding parts are designated by 
like reference numerals as used with the liquid 
crystal lens 302, but in which the suffix "a" is re- 
placed by "b". Specifically, the liquid crystal lens 
50 303 has inner electrodes 312b, 313b which are con- 
nected to the DC/AC converter 318 through an in- 
terposed voltage control circuit 319. A temperature 
sensor 320 is mounted on the liquid crystal lens 
302 (or alternatively on the liquid crystal lens 303), 
55 and provides an output signal which is fed to a 
temperature measuring circuit 321, an output sig- 
nal of which is fed to an A/D converter 322. A digi- 
tal signal from the converter 322 is input to ROM 
323. 

60 The ax. voltage applied to the liquid crystal lens 
302 is rectified by a rectifier 324, a d.c. output volt- 
age of which is converted into a digital signal by 
an A/D converter 325 and then input to ROM 323. It 
is to be understood that ROM 323 stores data 

65 which is used to establish a.c. voltages to be ap- 



plied to the respective liquid crystal lenses 302, 303 
in response to an address signal applied to ad- 
dress terminals thereof. A pair of output data 
which are read from ROM is fed through D/A con- 
70 verters 326, 327 to control terminals of voltage 
control circuits 317, 319, respectively. It will be ap- 
preciated that each of the voltage control circuit 
317, 319 is constructed to control the amplitude of 
the a.c. output voltage from the DC/AC converter 
75 318 in accordance with signals which are applied 
to their respective control terminals. 

Specifically, the voltage control circuit 317 is 
constructed in a manner such that, when the tem- 
perature t falls, it responds to an output from the 
80 temperature sensor 320 by increasing the level or 
amplitude of the a.c. output voltage therefrom so 
that the refractive index n e with respect to the ex- 
traordinary ray be reduced, thus enabling the dif- 
ference An in the refractive indices to be reduced. 
85 On the other hand, an analog signal which is ap- 
plied to the control terminal of the other voltage 
control circuit 319 is chosen to compensate for a 
change which occurs in the focal length of the liq- 
uid crystal lens 302 as a result of the applied volt- 
90 age thereto which is changed in order to reduce 
the difference An. 

In operation, it may be initially assumed that the 
refractive index of the liquid crystal lens 302 with 
respect to the extraordinary ray is indicated by a 
95 value C 0 shown in Figure 24 when the temperature 
t is equal to t D and the variable resistor 316 is set 
for a given value. (It may be assumed that there is 
no change in the refractive index with respect to 
the ordinary ray as the applied voltage changes.) 
100 When the environmental temperature t has fallen 
from temperature t 0 to temperature t„ the refrac- 
tive index changes from C 0 to a value indicated by 
d if the condition of the voltage control circuit 317 
is maintained. 
1 05 However, a temperature change is detected by 
the temperature sensor 320, and accordingly, the 
voltage applied to the control terminal of the volt- 
age control circuit 317 is reduced in a correspond- 
ing manner, thus causing the amplitude of the 
110 output voltage to be increased, whereby the refrac- 
tive index is changed from the point d to a point 
d,. In this manner, the difference An can be re- 
duced within a range An st which is indicated by 
phantom line. When the refractive indices change 
115 to a value d1, the focal length of the liquid crystal 
lens 302 will be reduced from the focal length 
which it exhibits at temperature t 0 (or the focal 
length may increase). Such change is compensated 
for by the liquid crystal lens 303. 
120 Specifically, a signal which is to be applied to 
the control terminal of the voltage control circuit 
319 is outputted from ROM 323 in paired relation- 
ship with a signal applied to the control terminal of 
the voltage control circuit 317. As a result, the am- 
125 plitude of the a.c. voltage which is outputted from 
the voltage control circuit 319 is changed to vary 
the focal length of the liquid crystal lens 303 in a 
manner to compensate for a change in the focal 
length of the liquid crystal lens 302 when the dif- 
130 ference An in the refractive indices is kept within a 
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permissible range. 

At this time, within the correction lens 303, a dif- 
ference An between the refractive index n e with re- 
spect to the extraordinary ray and the refractive 
5 index n 0 thereof with respect to the ordinary ray is 
kept within a permissible range. It is desirable that 
the difference An be maintained sufficiently small. 

As a result of the described arrangement, an in- 
crease in the difference of refractive indices with 
10 temperature can be prevented, thus allowing the 
resolution to be increased. 

In the arrangement of Figure 23, the liquid crys- 
tal lens 302 is employed as an optical lens, the bir- 
efringence of which is to be compensated for. 
15 However, a similar compensation can be achieved 
for an optical lens which employs an optoelectrical 
element, by utilizing a correction lens 303 in com- 
bination. 

20 CLAIMS 

1. A spectacle lens comprising a liquid crystal 
having a varying refractive index as a result of a 
change in the orientation of molecules of the liquid 

25 crystal in response to the application of an external 
voltage; means for detecting the temperature of 
the liquid crystal; and applied voltage control 
means for controlling the voltage applied to the 
liquid crystal in response to a detection output 

30 from the temperature detecting means, thereby 
controlling the orientation of the liquid crystal to 
compensate for a change in the refractive index of 
the liquid crystal with a temperature change, 

2. A spectacle lens according to Claim 1, in 

35 which the temperature detecting means comprises 
a temperature sensor, such as a thermistor, a ther- 
mocouple, a temperature measuring resistor or the 
like, in combination with a temperature detecting 
and processing unit. 

40 3. A spectacle lens according to Claim 1 or 2, in 
which the applied voltage control means com- 
prises an applied voltage control circuit including a 
temperature change response correction circuit 
and a variable voltage output circuit. 

45 4. A spectacle lens according to Claim 3, in 
which the variable voltage output circuit controls 
the amplitude of an a.c. output voltage supplied 
from a power supply in accordance with the level 
of a control voltage which is applied to a control 

50 terminal thereof. 

5. A spectacle lens according to any of Claim 1 
to 4, in which the applied voltage control means 
includes signal switching means which permits a 
plurality of focal lengths to be established for the 

55 liquid crystal eyeglass. 

6. A spectacle lens comprising a liquid crystal 
having a varying refractive index as a result of a 
change in the orientation of molecules of the liquid 
crystal in response to the application of an external 

60 voltage; means for detecting the temperature or 
the orientation of the liquid crystal and means for 
controlling the frequency of the voltage applied to 
the liquid crystal in response to a detection output 
from the detecting means, whereby the orientation 

65 of the liquid crystal is controlled to compensate for 



a change in the refractive index of the liquid crystal 
with a temperature change. 

7. A spectacle lens according to Claim 6, having 
temperature detecting means which comprises a 

70 temperature sensor, such a thermistor, a thermo- 
couple, a temperature measuring resistor or the 
like, and a temperature detecting and processing 
unit. 

8. A spectacle lens according to Claim 6, having 
75 orientation detecting means which comprises 

means for detecting a capacitance representing a 
physical quantity which varies with a change in the 
orientation of molecules of the liquid crystal. 

9. A spectacle lens according to Claim 6, 7 or 8, 
80 in which the frequency control means comprises 

frequency control circuit including a temperature 
change response correction circuit, and a variable 
frequency output circuit which delivers oscillation 
waves of a frequency which depends on the level 
85 of a voltage applied to an input terminal thereof. 

10. A spectacle lens according to Claim 9, in 
which an input to the frequency control circuit is 
supplied from a control comprising an analog 
switch, a multivibrator for delivering output pulse 

90 waves having an oscillation frequency which de- 
pends on the values of a resistor connector to a re- 
sistance terminal thereof and a capacitance 
connected to a capacitance terminal thereof, the 
analog switch being operated by an output pulse 
95 from a pulse generator to connect a non-earthed 
electrode of the liquid crystal to the capacitance 
terminal of the multivibrator, the control also com- 
prising a frequency-to-voltage converter for con- 
verting the frequency of the output pulse waves 

100 from the multivibrator into a corresponding volt- 
age, a sample-and-hold circuit for sampling and 
holding an output voltage from the converter, and 
a comparator for comparing an output voltage 
from the sample-and-hold circuit with a reference 

105 voltage. 

11. A spectacle lens according to any of Claims 
6 to 10, in which the frequency control means in- 
cludes signal switching means which permits a 
plurality of different focal lengths to be established 

110 for the liquid crystal lens. 

12. A spectacle lens comprising a liquid crystal 
having a varying refractive index as a result of a 
change in the orientation of molecules of the liquid 
crystal in response to the application of an external 

115 voitage; means for detecting a physical quantity 
which varies with a change in the orientation of 
molecules of the liquid crystal; and applied voltage 
control means for controlling the voltage applied 
to the liquid crystal in response to a detection out- 

120 put from the detecting means, thereby allowing a 
compensation of a change in the refractive index 
of the liquid crystal which occurs in response to a 
temperature change. 

13. A spectacle lens according to Claim 12, in 
125 which the means for detecting a physical quantity 

comprises means for detecting a current flow 
through the liquid crystal or for detecting a capaci- 
tance which varies with a change in the orientation 
of molecules of the liquid crystal. 
130 14. A spectacle lens according to Claim 12 or 
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13, in which the applied voltage control circuit in- 
cluding a temperature change response correction 
circuit and a variable voltage output circuit for 
controlling the amplitude of an a.c. voltage sup- 
5 plied from DC/AC converter in accordance with the 
level of a control voltage applied to a control ter- 
minal thereof. 

15. A spectacle lens according to Claim 14, in 
which an input to the applied voltage control cir- 

10 cuit is fed from a control comprising an analog 
switch, a multivibrator for delivering output pulse 
waves of an oscillation frequency which is deter- 
mined by the values of a resistance and a capaci- 
tance connected to a resistance terminal and a 

15 capacitance terminal thereof, the analog switch 
being operated by an output pulse from a pulse 
generator to connect a non-earthed electrode of 
the liquid crystal lens to the capacitance terminal 
of the multivibrator, the control also comprising a 

20 frequency-to-voltage converter for converting the 
frequency of the output pulse waves from the mul- 
tivibrator into a corresponding voltage, a compara- 
tor for comparing an output voltage from the 
converter with a reference voltage, and a sample- 

25 and-hold circuit for sampling and holding an out- 
put voltage from the comparator. 

16. A spectacle lens according to Claim 12 or 
13, in which the applied voltage control means in- 
cludes signal switching means which permits a 

30 plurality of different focal lengths to be established 
for the lens. 

17. A spectacle lens comprising a liquid crystal 
having a varying refractive index as a result of a 
change in the orientation of molecules of the liquid 

35 crystal in response to the application of an external 
voltage, a solar cell for charging a power supply 
used with means for detecting the temperature of 
the liquid crystal or with applied voltage control 
means which controls the voltage applied to the 

40 liquid crystal. 

18. A spectacle lens according to any of Claims 
1 to 16, in which a solar cell is provided for the 
control means. 

19. A spectacle lens according to any preceding 
45 claim, in which the liquid crystal is confined be- 
tween two transparent plates, one of which is plan- 
oconvex or planoconcave. 

20. A spectacle lens according to any preceding 
claim, having two lens elements, each of which 

50 comprises a liquid crystal, the two liquid crystals 
being oriented orthogonally and perpendicularly to 
the optical axis. 

21. A spectacle lens comprising heating means 
for heating at least the surface of the lens and 

55 means responsive to a change in ambient temper- 
ature for switching on the heating means. 

22. A spectacle lens according to any of Claims 
1 to 20, which further comprises heating means for 
heating at least the surface of the lens and means 

60 responsive to a change in ambient temperature for 
switching on the heating means. 

23. A spectacle lens according to Claim 21 or 
22 r further comprising a timer for switching off the 
heating means after predetermined interval. 

65 24. A composite lens comprising two co-axial 



liquid crystal lenses, means for adjusting the focal 
length of one of the liquid crystal lenses respon- 
sive to the temperature thereof and means for ad- 
justing the focal length of the other of the liquid 

70 crystal lenses responsively to changes in the focal 
length of said one lens for correcting for deviations 
of the optical paths of the various light rays 
through the lenses. 

25. A composite spectacle lens comprising a 

75 lens according to any of Claims 1 to 23, a similar 
liquid crystal lens co-axial therewith and means for 
adjusting the focal length of said similar lens re- 
sponsively to changes in the focal length of the 
first-mentioned lens. 

80 26. A pair of spectacles having at least one lens 
or composite lens as claimed in any preceding 
claim. 

27. A pair of spectacles constructed substan- 
tially as herein described with reference to and as 
85 illustrated in the accompanying drawings. 
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